Introduction
Amides retain critical importance both in research and industrial chemistry owing to their frequent use in detergents, lubricants, biologicallyactive compounds and pharmaceuticals (1) . Most traditional methods for the preparation of amides are condensation of activated carboxylic acids with amines or Beckmann rearrangement (2) of oximes. In hard condition, the dehydration of oximes or amides produce nitriles which are highly important in the synthesis of 1,2-diarylimidazoles (3), thiazoles (4) and tetrazoles (5) . Nitriles are widely transformed into amides, amines, esters and carboxylic acids. Hence they have been used in the synthesis of fine chemicals including agricultural chemicals, dyes and medicines. One of the most general methods for the synthesis of nitriles is the nucleophilic substitution reaction of alkyl halides with metal cyanides. The method is however inconvenient due to high toxicity of metal cyanides and troublesome handling. Consequently, other methods such as dehydration of primary amides or aldoximes have attracted attention. Previously, Cu(OAc)2 (6), H2SO4 (7) and NaOCl/Bu4NHSO4 (8) were applied for one-pot conversion of aldehydes to amides procedure KF/Al2O3 (9) . In addition, aqueous sodium dichloroiodate (10) has been reported as good catalyst for one-pot production of nitriles from aldehydes. We have previously described the design and synthesis of some organic reactions in the presence of solid acid catalysts as a green, cheap and efficient method (11) (12) (13) (14) (15) (16) .
Experiments Chemistry
The chemicals were purchased from Merck and used without any additional purification. The products were characterized by FT-IR (ATR), 1H-NMR, and a comparison of their physical properties with those reported in the literature. FT-IR (ATR) spectra were acquired on a Bruker, Eqinox 55 spectrometer. A Bruker (DRX-400 Avance) nmr was used to record the 1H NMR spectra. In spectrophotometry (UV/Vis biotek model UVIKONXL), melting points were determined with a Thermo Scientific Electrothermal digital apparatus (Thermo Fisher Scientific Inc.).
General procedure for the synthesis of amides from aldehydes
A mixture of aldehyde (1 mmol), sodium acetate (1 mmol), hydroxyl amine hydrochloride (1 mmol) and nano-TiCl4.SiO2 (0.1) was heated at 120°C. The progress of the reaction was monitored by TLC. Upon completion of the reaction, the mixture was extracted with ethylacetate and the solvents were removed. The product was purified by recrystallization from chloroform n-hexane (2:1). All products were known and characterized by physical and spectroscopic data.
General procedure for the synthesis of oximes from aldehydes
A mixture of aldehyde (1 mmol), sodium acetate (1 mmol), hydroxyl amine hydro chloride (1 mmol) and nano-TiCl4.SiO2 (0.1 g) was heated at 100 °C. The progress of the reaction was monitored by TLC. Upon completion of the reaction, ethyl acetate was added and filtrated to remove catalyst. After removing of ethylacetate, the product achieved pure solid state which was washed with water.
General procedure for the synthesis of nitriles from aldehydes
A mixture of aldehyde (1 mmol), sodium acetate (1 mmol), hydroxyl amine hydrochloride (1 mmol) and nano-TiCl4.SiO2 (0.1 g) in DMF1 reflux was used. The progress of the reaction was monitored by TLC. Upon completion of the reaction, the mixture was filtrated for the separation of catalyst. DMF was removed in reduced pressure to give the crude nitrile. All products were known and and identified through comparing their physical and spectroscopic data with those of authentic samples.
Results and discussion
In order to examine the one-pot synthesis of amides or nitriles from aldehydes we have reacted 4-nitrobenzaldehyde with hydroxylamine hydrocholoride and sodium acetate in the presence of nano-TiCl4.SiO2 under various conditions (Table  1) . Depending on to reaction conditions, we obtained various products such as amide, oxime or nitrile. Reaction under solvent-free conditions at 100°C gave rise to the expected oxime in a good yield ( Entry 14) . The catalyst could be reused up to 3 times without losing its activity in amide formation at 150°C as shown in Figure. 1 and Table  1 , Entries 15 and 16. Then, the optimized protocol was applied to other substrates in order to study the scope of the amide formation (Table 2, Scheme 1). The reaction gave an excellent result about electron-withdrawing group bearing substrates with any influence of position of substituent in yields ( Table 2 . One-pot preparation of amides from aldehydes in the presence of nano-TiCl4.SiO2a. A mixture of aldehyde (1 mmol): sodium acetate (1 mmol): hydroxyl amine hydrochloride (1 mmol) and nano-TiCl4.SiO2 (0.1 g) was heated at 150 °C. 
Representative data for the selected synthesis compounds
4-Chlorobenzamide (
Conclusion
Nano-TiCl4.SiO2 has shown to be highly efficient and reusable catalyst for one-pot synthesis of amides or nitriles from aldehydes under various conditions. Meanwhile, oximes were obtained from aldehyeds in the presence of this catalyst with good to excellent yields.
